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The Role of Topiramate in the Management of Cocaine Addiction:

A Possible Therapeutic Option
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Abstract: Topiramate (TPM) is an antiepileptic drug able to play a role in both neurological and
psychiatric disorders. TPM facilitates gamma-aminobutyric acid (GABA) transmission and inhibits
glutamatergic transmission (i.e. AMPA/kainate receptors).
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Several studies reported that the modulation of GABAergic and glutamatergic synaptic transmission may reduce cocaine
reinforcement. Therefore, TPM could be used in the management of cocaine dependence.
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INTRODUCTION

Topiramate (TPM; 2,3,4,5-bis-O-(1-methylethylidene)-
b-D-fructopyranosesulfamate) is an O-alkyl sulfamate
derivative of the naturally occurring monosaccaride D-
fructose that showed efficacy in epilepsy [1, 2]. Recently,
TPM has been reported to be effective also in drug resistance
partial epilepsy [2, 3], refractory partial and secondary
generalized seizures [2, 4], primary generalized tonic/clonic
seizures [2, 4] and tonic/atonic seizures associated with
Lennox- Gastaut syndrome [5] and may also improve
myoclonic movements [3, 6]. Although in elderly patients
with epilepsy TPM does not represent the first choice, it may
be used in cognitively healthy elderly patients, for both high
safety and low drug-drug interactions respect to other
antiepileptic drugs [1, 7]. Preliminary data suggested that, in
addition to its use in epilepsy, TPM may have therapeutic
effects also in other neurological disorders and in psychiatric
conditions, sinceother studies are needed to confirm these
preliminary findings [3]. The efficacy of TPM in bipolar and
schizoaffective disorders, bulimia, neuropathic pain syndrome,
migraine and cluster headache prophylaxis has been reported
[7-11]. Moreover, recently reviewing the literature about the
use of TPM in hyperkinetic movement disorders, we described
that the effectiveness of this drug is still inadequate and
conclusive evidence has not been published [3]. Finally,
TPM seems to play a role in the treatment of cocaine
addiction [12, 13], gambling relapse [14, 15], compulsive
eating and sexual behavior [13, 16, 17]. However clinical

* Address correspondence to this author at the Clinical Specialist (Neurologist),
Department of Neurology, Annunziata Hospital, Via F. Migliori, 1-87100
Cosenza, Italy; Tel: +39-0984-681351; Fax: +39-0984-21631;

E-mail: anto.siniscalchi@libero.it

1570-159X/15 $58.00+.00

efficacy of topiramateis associated with regular cognitive-
behavioural therapy, suggesting that a combined effort can
be used to improve psychiatric symptoms [18].

TPM facilitating gamma-aminobutyric acid (GABA)
transmission and inhibiting glutamatergic transmission via
AMPA /kainate receptors [1, 3, 7] decreases the dopamine
release in the cortico-mesolimbic system, that is involved in
mechanisms of reward and reinforcement [19, 20]. Secondly,
TPM blocks AMPA-type glutamate receptors in the nucleus
paragigantocellularis through the inhibition of noradrenergic
neurons in the locus coeruleus, the activation of which seems
tobe involved in the development of autonomic symptoms of
withdrawal [19]. Finally, TPM is a carbonic anhydrase
inhibitor; this effect is involved in its anticonvulsant effects,
and could be important in the management of withdrawal [3,
19].

This review aims to delineate efficacy and safety of TPM
in the treatment of cocaine addiction.

METHODS

PubMed, Embase, Cochrane library and reference lists
were searched for articles published until July 5,2015 using
the keywords: topiramate and mechanism of actions, topiramate
and cocaine, topiramate and substance abuse. Secondary
searches included articles cited in sources identified by the
previous search. We enclosed randomized control trials
(RCTs), open trials, case series, and case reports.

ROLE OF EXCITATORY AND INHIBITORY NEURO-
TRANSMISSION IN COCAINE DEPENDENCE

Experimental studies documented that substances able to
modify the effects of excitatory amino acids (EAAs), such as
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glutamate, or facilitate the actions of GABA neurons in
several areas ofthe brain may reduce cocaine reinforcement
[13, 21]. Bonci and colleagues [22] showed that long-
timecocaine self-administration decreased ex vivo intrinsic
excitability of deep-layer pyramidal neurons in the prelimbic
cortex, which was significantly more pronounced in
compulsive drug-seeking. Additionally, inhibition of
corticofugalglutaminergic pathways or activation of GABA
pathways may decrease the extracellular release of dopamine
[23, 24], acrucial neurotransmitter in cocaine reinforcement
pathway. Stuber ef al. [25], reviewing literature, documented
in dopaminergic neurons of ventral tegmental area as well as
in medium spiny neurons of nucleus accumbens, exposed to
passive or active cocaine, an increase in excitatory synaptic
strength.

Take together these data suggest that drugs able to restore
the GABA/glutamate balance could reduce cocaine use. In
this light, TPM, modulating the excitatory and inhibitory
neurotransmission, could be a good candidate in the
treatment of cocaine dependence (Fig. 1) [23, 25]. In fact,
Muriach et al., [26] documented in cocaine treated rats, a
decreased activity of NFkappaB in the frontal cortex, and of
GSH concentration and glutathione peroxidase activity in the
hippocampus, with an impairment of memory. Suggesting a
role of oxidative and nitrosative stress in the alterations
induced by cocaine. In contrast, the same authors documented
that TPM was able to prevents these effects suggesting a
neuroprotective effects of TPM in cocaine injury.

Moreover, in a rat model, Echeverry-Alzate et al., [27]
evaluating the effects of TPM, on operant ethanol self-
administration with the co-administration of cocaine
documented that topiramate prevents the cocaine-induced
increase in the response to ethanol in a dose-dependent
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manner without motor impairments and these effects were
explained by the suppression of the expression of the effects
of cocaine rather than the blockade of the acquisition of the
effects of cocaine.

CLINICAL USE OF TOPIRAMATE IN COCAINE
DEPENDENCE

To date there are few studies reporting the effect of TPM
in cocaine dependence. In particular, in 13-week double-
blind RCT, Kampman et al. [28], enrolled 40 treatment-
seeking cocaine dependent subjects, age from 18 to 60 years
old, without other substance dependence except nicotine.
TPM was administered at 25 mg/day, with an increase of 25
mg/week up to maximum dosage of 200 mg/day at week 8.
All subjects received a cognitive behavioral relapse
prevention therapy,twice a week. At the end of the study,
82% of subjects completed the trial, the authors documented
that TPM treatment induced a decrease in cocaine use and in
cocaine craving respect to placebo group, without the
development of serious side effects.

In an open-label, uncontrolled trial of 28 cocaine
dependent males (age 18-55 years), Reis et al. [29],
evaluated the effects of a 12-week treatment with TPM (25—
300 mg/day, mean dose 127 mg/day). TPM induced a
significant decrease in craving intensity and duration in 25%
of the peoples without the development of side effects.
However, in this as well as in the previous studies the sample
size in very little, so it is not possible to calculate the power
of the study and the results are difficult to interpret.

In a randomized, double-blind, placebo-controlled trial
performed in 24 cocaine-dependent peoples, Johnson et al.
[13], documented that TPM pretreatment (100 mg twice a
day) reduced cocaine-related craving and monetary value in
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Fig. (1). Proposed sites of action of Topiramate on the treatment of cocaine dependence. NA= nucleus acumbes, GABA= y-aminobutyric

acid, TPM= topiramate, VT A=ventral tegmental area.
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presence of high-dose cocaine treatment; in contrast during a
treatment with low-dose of cocaine, TPM increased the
monetary value, euphoria, and stimulant effects. The authors
suggested that these bidirectional effects, in presence of low
and high cocaine dose, could be related with the mood-
stabilizing effect of TPM [30], since a mechanism of
sensitization can’t be rule out.

In agreement in a double-blind, randomized, placebo-
controlled, 12-week trial of 142 cocaine-dependent adults, it
has been reported that TPM(from 50 mg/day to 300 mg/day)
+ weekly cognitive-behavioral treatment, increase the
cocaine nonuse days (period weeks 6 to 12), respect to
placebo treatment [31].

In a double-blind, placebo-controlled trial, Kampman et
al. [32], after a high number of partecipants who did not
complete treatment, evaluated in 170 cocaine and alcohol
users, the ability of TPM (300 mg/day) + cognitive
behavioural psychotherapy respect to placebo + cognitive
behavioural psychotherapy, to induce cocaine and alcohol
abstinence in patients addicted to both drugs. After 13weeks
(end of the study), authors recorded that TPM reduces both
cocaine and alcohol abuse respect to placebo, but it was not
able to reduce cocaine-craving and to prevent relapse.

However, in contrast to these positive effects on cocaine
dependence, recently Umbricht ef al. [33], in a double-blind
controlled clinical trial performed in 171 cocaine dependent
methadone maintenance patients, reported that the TPM
treatment (final dosage of 300 mg/day) is not able
toincreasecocaine abstinence.

In an open-label, randomized feasibility trial, Nuijten et
al. reported a safety of use of TPM (200 mg/die) in 74 crack-
cocaine dependent patients, since they documented a limited
efficacy of this drug probably related to low acceptance of
the treatment [34].

CONCLUSION AND DIRECTIONS FOR FUTURE
RESEARCH

TPM is used on-label in patients with epilepsy or
migraine. Main TPM targets include enhancement of
GABAergic inhibition and reduction of AMPA receptors
activity [3] that are involved in neuronal excitability
control. Therefore TPM stabilizes neurons and decreases
mesocorticolimbic dopamine release and could represent a
potential candidate incocaine-dependence treatment. In fact,
attenuating the midbrain dopamine release, TPM could
reduce the reinforcing and rewarding activities of drug
abuse, and because it is a non-addictive agent, could be a
more desirable alternative to other agents with abuse liability.
Moreover, TPM may be used in several psychiatric disorders
(e.g. obsessive compulsive disorder, trichotillomania, bulimia
nervosa, binge-eating disorder, and pathologic gambling)
[19]. These psychiatric diseases show some similarities with
drug-dependence, i.e. repetitive behaviors persisting minimal
self-control despite significant negative consequences. TPM
may be effective in these clinical conditions because it is
able to reduce the reinforcing properties of these compulsive
behaviors.

In the future, TPM could represent a therapeutic option in
the management of cocaine dependence.
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However, to data there are only few clinical studies
regarding its role in cocaine users. Data from these clinical
studies showed that the efficacy of TPM in cocaine treatment
are often limited by total number of subjects that was
relatively small and by number of participants who did not
complete treatment. Despite its weaknesses the results of
these trial suggest that TPM may be beneficial for the
treatment of comorbid cocaine (i.e. reducing anxiolytic and
euphoric effects).

A recent Cochrane review of 20 studies with 2068
participants, regarding the efficacy and safety of anticonvulsant
drugs for cocaine dependence, reported no conclusive
significant evidence for use of TPM in the management of
cocaine addiction [35]. Probably due to the number of
participants who did not complete treatment (557 partecipants,
RR 0.92,95% CI10.73 to 1.16).

Moreover Minozzi et al., [35] in this paper did not reveal
any significant difference in both use of cocaine (210
partecipants, RR 1.19, 95% CI 0.48 to 2.98) and in development
of side effects (261 partecipants RR 2.42, 95% CI 0,27 to
21.87) in peoples treated with TPM vs placebo.

So, research supporting the effectiveness of TPM in
cocaine addiction is still inadequate and conclusive evidences
have not been published. Thus, prospective clinical trials are
needed to confirm TPM efficacy in cocaine dependence
treatment, particularly in the treatment of comorbid cocaine.
(i.e. reducing anxiolytic and euphoric effects), and to better
define the proportion of responders in larger groups of
patients, including analysis of genetic variants associated
with TPM response.
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